Acute skeletal muscle injury repair requires an adequate inflammatory response predominated by macrophage infiltration. We studied the activation of infiltrating macrophages by analyzing the expression of M1/M2 signature genes. Most of the intramuscular macrophages were Ly6C hi at day 1 after BaCl 2 injection, while many were Ly6C lo at day 3. Ly6C hi macrophages at day 1 expressed a high level of both M1 and M2 genes, and the Ly6C hi and Ly6C lo macrophages at day 3 expressed a similar level of many M1/M2 genes. Infiltrating macrophages are broadly activated rather than polarized at the early stage to support acute skeletal muscle injury repair.
A B S T R A C T
Acute skeletal muscle injury repair requires an adequate inflammatory response predominated by macrophage infiltration. We studied the activation of infiltrating macrophages by analyzing the expression of M1/M2 signature genes. Most of the intramuscular macrophages were Ly6C hi at day 1 after BaCl 2 injection, while many
were Ly6C lo at day 3. Ly6C hi macrophages at day 1 expressed a high level of both M1 and M2 genes, and the Ly6C hi and Ly6C lo macrophages at day 3 expressed a similar level of many M1/M2 genes. Infiltrating macrophages are broadly activated rather than polarized at the early stage to support acute skeletal muscle injury repair.
Introduction
Adult skeletal muscle possesses remarkable regenerative capacity for injury repair. Satellite cells are muscle stem cells for regeneration. They are located at the basal lamina surrounding myofibers, and are quiescent at the steady state. Upon injury, they are activated, proliferating and differentiating into myoblasts. Myoblasts then undergo fusion and terminal differentiation to become regenerating and mature regenerated myofibers (Charge and Rudnicki, 2004; Tedesco et al., 2010) .
Acute skeletal muscle injury repair requires an adequate inflammatory response, which initiates immediately after injury. The first inflammatory cells recruited from blood circulation are neutrophils with the number peaking at day 1 post injury. This is followed by massive infiltration of monocytes which quickly differentiate into macrophages with the number peaking at day 3 after intramuscular BaCl 2 injections (Lu et al., 2011a (Lu et al., , 2011b . Acutely injured muscle recruits Ly6C hi inflammatory monocytes but not Ly6C lo patrolling monocytes from blood circulation, and Ly6C hi inflammatory monocytes express CC chemokine receptor type 2 (CCR2) to exploit the chemoattraction mediated by CC chemokine ligand 2(CCL2)/CCR2 to enter injured muscle (Arnold et al., 2007; Contreras-Shannon et al., 2007; Sun et al., 2009; Lu et al., 2011a Lu et al., , 2011b . Within injured muscle, Ly6C hi macrophages phagocytose damaged tissues and switch into Ly6C lo macrophages and produce a high level of myotrophic growth factors, including insulin-like growth factor 1 (IGF-1), to promote muscle regeneration (Arnold et al., 2007; Lu et al., 2011a Lu et al., , 2011b . Previous studies by our lab and others have demonstrated that infiltrating macrophages are essential to the acute skeletal muscle injury repair. Depleting intramuscular macrophages, or disrupting the recruitment or function of monocytes and macrophages invariably causes poor acute muscle injury repair (Tidball, 2005; Summan et al., 2006; Arnold et al., 2007; Contreras-Shannon et al., 2007; Sun et al., 2009; Lu et al., 2011a Lu et al., , 2011b Mann et al., 2011; Wang et al., 2014; Zhao et al., 2016) . Macrophages are functionally heterogeneous, which can be pro-inflammatory, anti-inflammatory, and/or pro-regenerative depending on the tissue environment. They have been historically classified into M1 (classically activated) and M2 (alternatively activated) subsets, mainly based on in vitro studies and in vivo studies of parasite infections (Mosser and Edwards, 2008; Martinez et al., 2009; Martinez and Gordon, 2014) . M1 and M2 macrophages are different in their activation stimuli, cell surface markers, arginine metabolism, and cytokine production profiles (Martinez et al., 2009; Martinez and Gordon, 2014) . While M1 macrophages, activated by IFN-γ ± LPS, are pro-inflammatory, M2 macrophages, activated by Il-4 ± IL-13, can be antiinflammatory, pro-regenerative, and/or pro-fibrotic. However, there https://doi.org/10.1016/j.jneuroim.2018.01.004 Received 1 December 2017; Received in revised form 3 January 2018; Accepted 4 January 2018
